therapy following amputation in dogs clinically and radiographically free of metastases. Clinical trials in this field, which are badly needed, are limited not only by the number of research workers interested in the problem, but also by the relatively small number of dogs available for study.
Effect ofBCG Vaccine
Following amputation for osteosarcoma with or without unilateral lung X-irradiation, mean survival times have been approximately 14 weeks; Brodey (1965) has published similar figures for amputation with no other therapy. Survival for over a year has been a rarity.
A trial of intravenous injections with BCG in dogs with osteosarcoma is now in progress (Owen & Bostock 1974) . Following diagnosis the affected limb is amputated and I ampoule of BCG (Glaxo, percutaneous) containing 50-250 x 106 living organisms injected intravenously. In some instances the vaccine has been mixed with heavily X-irradiated autologous osteosarcoma cells. Repeated intravenous injections with BCG alone are made at 1, 2, 4, 8, 8, and 8 weeks. Survival times have varied from 14 to 76 weeks, with 8 of 16 dogs which can so far be assessed surviving for more than a year. The majority of dogs have eventually developed metastases in the lungs. Toxic effects have usually not been serious and have included pyrexia, anorexia and in individual dogs glossitis and pharyngitis. Anaphylactic shock can be prevented by the prior administration of antihistamine drugs. The widespread granulomas which develop particularly in the lungs and liver appear to heal if sufficient time (probably at least three months) has elapsed from the last injection. The mechanism of death of tumour or inhibition of growth of micrometastases is not fully understood but it appears likely that the nonspecific destruction of tumour cells by macrophages activated by BCG plays a major role. It is planned to alternate this type of treatment with intermittent chemotherapy. (1970) 
Surgical Treatment of Osteogenic Sarcoma
In this country the term osteogenic sarcoma is regarded as synonomous with osteosarcoma, but elsewhere it is sometimes used to embrace the three main primary tumours of bone, osteosarcoma, chondrosarcoma and fibrosarcoma (McKenna et al. 1966) . For this reason I believe that this confusing term should now be abandoned and replaced by osteosarcoma, which is not only now widely accepted, but more specific.
Compared with apparent advances in medical treatment, there is comparatively little that is new in the surgical management of osteosarcoma. Amputation, regrettably, still remains essential. I use the word 'essential' advisedly, not because I do not know that about 10% of patients with osteosarcoma can be cured by irradiation alone (Swee'.iam et al. 1971) , but because we all know that amputation is essential if our survival figure is to move into the 20% range without adjuvant chemotherapy. Hence the wisdom of Cade (1947) and his excellent, never bettered, pre-chemotherapy regime which spared so many children from unnecessary mutilation by amputation shortly before death. He insisted, however, upon amputation if survival seemed likely. There was no advantage in terms of survival in his method compared with immediate amputation but, more important, there was no disadvantage and many limbs were thereby spared.
in patients treated with chemotherapy. No new revised curve is yet available for patients receiving adjuvant chemotherapy. There is, therefore, no longer a basis for selecting a time for delayed amputation. Certainly, it would have to be much later than seven months and we already know how difficult it is to persuade parents to accept amputation even at that time. With an apparently disease-free limb at twelve or perhaps eighteen months, I believe that many more would refuse.
Let us agree, therefore, that irradiation probably now plays little, if any, part in the treatment of primary osteosarcoma in surgically accessible sites. Cade's method served us well but I see little prospect of its survival unless even more powerful chemotherapeutic agents are developed which can rapidly and completely destroy the primary tumour itself. Amputation could then, of course, be avoided.
Even before chemotherapy, there were strong arguments in favour of primary amputation. Any claim to better survival is probably untenable, but more serious is the virtual certainty of avoiding local recurrence. Cade's method spared many limbs, but there is no doubt that some of those spared went on after their course of radiotherapy to painful local recurrence, perhaps even pathological fracture or fungation. Indeed, the one possible disadvantage of Cade's method was the unknown, probably significant incidence of local recurrent tumour activity which undoubtedly caused much anguish and suffering before death in those patients whose limb was not amputated because of early spread to the lungs. Early or late amputation makes no difference to survival figures, but we must always remember that before the advent of chemotherapy 80 % of patients were doomed to die, and for these the quality of life during their remaining months was all that we could possibly influence. This thought no doubt loomed large in the minds of those surgeons who advised primary amputation in every case. Perhaps they were right. Personally, though, I always felt that the price was too high; and that provided one was always ready to perform palliative amputation for painful recurrence, many could die in peace with the local growth in the limb controlled to the end by radiotherapy.
Having decided to amputate, the surgeon's difficulties really begin. He may have no difficulty in deciding at what level to amputate for an upper tibial or femoral growth, or even large tumours of the lower tibia or femur. Much the most commnon problem, however, is the relatively small femoral growth sufficiently low to allow amputation through the upper femur well clear of the tumour, yet low enough to leave a worth-while stump. In an adult, this is usually regarded as a stump no shorter than ten centimetres measured from the ischial tuberosity. There is no evidence that survival is influenced by the level of amputation. What, of course, concerns us is the fear of local recurrence if we amputate and leave a stump. Regrettably, very few figures are available. McKenna et al. (1966) quote 15 % stump recurrence in 'osteogenic sarcoma' which, of course, includes chondrosarcoma, fibrosarcoma and osteosarcoma; unfortunately, they do not give details of the tumour site or level of amputation. The Mayo Clinic (Dahlin & Coventry 1967 ) quote ten patients, probably less than 4 %, known to have such recurrence; one wonders, though, whether the others were known not to have had recurrence. More recently, Price and others (1975) refer to 2 recurrences out of a series of 46 patients. Amongst the group I reviewed from this point of view (Sweetnam 1973) , the incidence was as high as 16%; there may, of course, have been special factors, but, clearly, stump recurrence does happen, albeit infrequently.
Does this mean that disarticulation should be advised in every case of small lower femoral growth? Certainly this is the view held by many, notably in the past by Cade at Westminster Hospital. Before it was shown that prophylactic chemotherapy influenced the course of osteosarcoma, I shared this view. Like many others, I felt that the risk of local recurrence in a stump was unacceptably high and did not justify the apparent kindness of our colleagues who felt otherwise. I have now changed this view and believe that, whenever circumstances permit, a stump should be left and that it is no longer an unreasonable risk to leave behind the proximal portion of involved bone provided, of course, that there is ample margin between the upper limit of the tumour and the level of bone section. Why has the advent of. adjuvant prophylactic chemotherapy changed my view? I believe that the balance of evidence for and against either level of amputation, has simply been changed and, in my yiew, it now favours the less radical procedure. Is it not reasonable to suppose that chemotherapy can destroy any very small intramedullary metastases higher within the medullary cavity, just as it now seems able to destroy those in the lung? How can any of us be sure, at this stage? Personally, I think it is a reasonable assumption and I am no longer prepared to disarticulate for small lower femoral growths. Time alone will tell whether this is the right decision, but at least those patients who do survive will do so with a more useful artificial limb. We are now better able to amputate at this level, having no longer to contend with the effects of preliminary irradiation. Here, therefore, is yet another reason for immediate surgery without preliminary radiotherapy.
Finally a brief word about the role of the surgeon in metastatic diseasean interesting subject and, of course, concerned mainly with solitary lung metastases. Some years ago, Ross and I collected information about the value of local lung resection in primary tumours of bone (Sweetnam & Ross 1967) . Obviously patients with suitably solitary lung metastases must be rare, but there is no doubt that surgical removal, when indicated, can be curative. At what stage should an apparently solitary secondary be removed? We advised a waiting period of about three months, with the precaution of preliminary lung tomography &c., immediately before surgery. Others take a more aggressive line and remove more than one lung metastasis, subjecting the patient to a series of resections. Success is claimed and there may be justification for such seemingly abhorrent surgery. Time alone will tell. However, just as with decisions concerning the level of amputation, the surgeon will have to take into consideration factors other than simply the chance of his patients' survival. How many children, for example, may one justifiably subject to multiple thoracotomies in order to save a single life? The decision to some extent is philosophical and concerns the art rather than the science of medicine; for however great the advance in the latter, the former remains essential.
Osteosarcoma: the Contribution of Radiotherapy The introduction of intensive cytotoxic chemotherapy with apparent improvement in both survival and palliation of patients suffering from osteosarcoma by our transatlantic colleagues has prompted the institution of trials in the United Kingdom. It has been claimed by some that we have reached the end of an era in which radio-' therapy has been the only important supplement to the mainstay of surgery. Whether or not this is so it seems timely to evaluate the contribution which radiotherapy has made in the management of this appalling disease pf young people.
There is now, in the United Kingdom, half a century's experience of the combination of radiotherapy and surgery, as evidenced by the late Sir Stanford Cade's reference to patients treated by radium before surgery as far back as the year 1925 (Cade 1955) : 84 patients had been treated by successive teleradium units of 1 to 10 grams; 10 patients had survived 'between six and thirty years; 2 received radiotherapy alone.
In the early days before high energy X-ray therapy was available there were complications arising from treatment, such as tissue necrosis due to excessively hot spots within homogeneously irradiated tissue, or subsequent trauma to areas of scar tissue. Nevertheless these complications were acceptable since it was considered that some lives were' saved and there was histological evidence of complete destruction of the ,tumour in some patients (Flatman 1959) . The introduction of the Van der Graaf machine, the telecobalt unit and the linear accelerator in the postwar years enabled higher and more homogeneous tumour dosage to be delivered to larger volumes with much less damage to normal tissues, and it is now commonplace to irradiate to radical dosage entire bones with surrounding soft tissue and skin.
Ferguson from New York first recommended a delay in amputation following the use of radiotherapy in 1940. This treatment policy, which has come to be known as the Cade technique, was adopted for patients treated at the Westminster Hospital and in other centres from 1951 onwards: following radical radiotherapy to the primary tumour, interval amputation of the limb was carried out in those patients who remained free from metastases. Dosage was of the order of 6000-8500 rad in 5-10 weeks. Lee reviewed the Westminster Hospital series in 1971 and, amongst his many observations, concluded that 'the delay by elective amputation had cost no lives which might otherwise have been saved.' There is little doubt also that many doomed patients were spared a mutilating amputation.
